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Abstract. At present, research on concrete-filled sections extends to using lightweight concrete to 
reduce the total weight of such structures. However, research on concrete-filled hollow sections 
(CFHS) using foamed concrete remains ongoing. Therefore, this study was conducted to determine 
the strength of reinforced fibrous foamed CFHSs. Two types of fibre, namely, steel and 
polypropylene fibres, were used. A short-column specimen was prepared and tested under 
compression load. Result shows that adding steel fibre to foamed concrete indicates a higher strength 
than adding polypropylene fibre. The strength of the CFHS is increased by adding reinforced bar and 
fibre in foamed concrete.  
Introduction 
At present, using concrete-filled hollow sections (CFHS) in the construction industry continues to 
grow. The most common form of CFHS is a structural column. The addition of concrete infill 
contributes to delaying the failure of the steel hollow section. The CFHS also contributes to the 
tensile capacity for bending and acts as a confining member and a supporting member throughout 
construction development. Research on CFHS has been ongoing worldwide for many decades, and 
significant contributions have been achieved. However, the majority of these experiments have been 
on columns that use normal- and high-strength concrete [1, 2]. Minimal data are available on using 
lightweight concrete, such as foamed concrete, as the concrete infill in columns. However, the low 
strength produced by foamed concrete reduces the performance of the CFHS. Therefore, the strength 
of foamed concrete must be increased by adding fibre into the mix whilst maintaining the low density 
of the concrete; thus, the concrete is still considered lightweight. Awang, Ahmad and Al-Mulali [3] 
revealed that the compressive strength of foamed concrete increases by adding up to 0.4% 
polypropylene fibre to foamed concrete. Subair, Fayas and Paul [4] reported that compressive 
strength increases with the increase in the percentage of steel fibre, but the compressive strength of 
lightweight concrete decreases when the steel fibre comprises 1% volume of the concrete. 
Experimental Work 
Sixteen specimens were prepared with two thicknesses, namely, 2 and 4 mm. The length of the 
specimens was 350 mm. Two types of fibre, namely, steel fibers (SF) and polypropylene fibres (PF), 
were used. The CFHS with foamed concrete was cast without additional reinforcement. The foamed 
concrete that contained fibre was cast with an additional 10 mm diameter of reinforcement bar  
(Fig. 1). All the specimens were tested under compression load (Fig. 2). 
Table 1. Specimen dimensions. 
Specimen size h × b × t (mm) Length (mm) fyk (MPa) 
100 × 100 × 2 350 349 
100 × 100 × 3 350 387 
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Fig. 1. Illustration of a cross section. 
 
Fig. 2. Testing set up. 
The material preparation involved mixing Ordinary Portland Cement, sand (<3mm), foaming 
agent and water to produce high-strength foamed concrete. The ratios of water–cement, foam–water 
and foam–cement were 0.55, 0.05 and 0.07, respectively. The quantity of fibrous foamed concrete for 
1 m3 of ordinary Portland cement (OPC) was 500 kg and sand was 765 kg. Concrete cubes with a 
dimension of 100 mm × 100 mm × 100 mm were prepared and tested under compression test. The 
strength of a hollow steel section was tested, and the result is summarised in Table 1. 
Experimental Results and Observation 
Compressive strengths of various types of foamed concrete with a density of 1600 kg/m3 are 
demonstrated in Fig. 3. Clearly, the compressive strength of foamed concrete is 14.5 MPa which 
complies with the compressive strength of foamed concrete with a density of 1600 kg/m3, as 
determined by the British Cement Association [5]. Rahman, Jaini and Zahir [6] reported a relatively 
high fracture energy for the compressive strength of foamed concrete at 14.7 MPa with a density of 
1600 kg/m3. The compressive strengths of foamed concrete after adding polypropylene and steel 
fibres increase up to 17.2 and 18.15 MPa, correspondingly. Thus, the strength of foamed concrete 
increases by 19%–24% compared with that of foamed concrete after adding fibre in foamed concrete. 
Therefore, including fibre improves the mechanical properties of foamed concrete. This finding 
agrees with the results presented by Subair et al. [4], Othuman Mydin et al. [7] and Awang et al. [3]; 
these researchers concluded that adding fibre improves the structural strength and impact resistance 
of foamed concrete. 
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Fig. 3. Compressive strength of fibrous foamed concrete in 28 days. 
The result shows that the ultimate load of CFHS with additional fibre increases compared with the 
CFHS with foamed concrete. Moreover, the result increases from 25% to 27% for 2 mm thickness, 
whereas that 4 mm thickness increases by 9%–18%. The CFHS with additional fibre can achieve the 
theoretical result of the ultimate load with less than 50%. The CFHSs with polypropylene and steel 
fibres indicate a percentage difference of 24% for 2 mm thickness. Meanwhile, the percentage 
differences of 17% and 30% are identified for the CFHSs with polypropylene and steel fibres. The 
addition of fibre to the CFHS increases the ultimate load. The inclusion of fibre improves the ultimate 
load capacity and the deformation and ductility of CFHSs [8, 9]. 
The results also show that the ultimate load capacity increases with the decrease in b/t considering 
the steel hollow section that acts as a permanent formwork for the CFHS. These findings are also 
found in previous research conducted by Geetha and Swedha [10] and Al-Mazini and Chkhewier 
[11], in which the ultimate strength capacity was 48% higher in 3 mm thickness than in 2 mm.  
Table 2. Theoretical and experimental results of the CFHS. 
Specimen b/t 
Compressive 
Strength, fcu 
(MPa) 
Theoretical 
value, Nuo 
(kN) 
Experimental 
value, Nue 
(kN) 
Strength 
Index, SI 
CFHS-PF 21 50 17.90 550 650 1.18 
CFHS-PF 22 50 17.90 550 672 1.22 
CFHS-PF 23 50 17.90 550 722 1.31 
CFHS-PF 41 25 17.90 835 921 1.10 
CFHS-PF 42 25 17.90 835 938 1.12 
CFHS-PF 43 25 17.90 835 1074 1.29 
CFHS-SF 21 50 18.15 555 665 1.20 
CFHS-SF 22 50 18.15 555 673 1.21 
CFHS-SF 23 50 18.15 555 725 1.31 
CFHS-SF 41 25 18.15 839 1045 1.25 
CFHS-SF 42 25 18.15 839 1066 1.27 
CFHS-SF 43 25 18.15 839 1161 1.38 
CFHS-FC 21 50 14.5 323 495 1.53 
CFHS-FC 22 50 14.5 323 520 1.61 
CFHS-FC 41 25 14.5 608 870 1.44 
CFHS-FC 42 25 14.5 608 910 1.50 
*PF = polypropylene fibre, SF= steel fibre, FC = foam concrete 
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 Fig. 4 displays two graphs of load versus displacement of the CFHS specimens. Both graphs 
demonstrate that all specimens indicate a similar behaviour. The displacement of 4 mm-thick 
specimens is between 14.90 mm to 18.90 mm, whereas that for 2 mm thickness is 6.01 to 11.11 mm. 
However, the CFHS reinforcement bar with steel fibre is more ductile than the other specimens given 
the failure mode of the CFHS reinforcement bar with steel fibre. According to Baiq et al. [12] and 
O’Shea and Bridge [13], yielding occurs due to local buckling of steel walls; this local buckling is 
mostly observed at the top or bottom ends. 
  
(a) 2 mm thickness (b) 4 mm thickness 
Fig. 4. Load vs displacement of CFHS. 
Failure Modes 
The failure modes of short-column CFHS with fibrous foamed concrete subjected to compression 
load are depicted in Figs. 5 and 6. The failure modes of the specimens indicate an outward buckling at 
the top and bottom of the stub specimens. However, the buckling of foamed concrete cannot be 
observed clearly compared with polypropylene and steel fibres. According to Baiq et al. [12] and 
O’Shea and Bridge [13], two types of failure pattern occur. The columns fail either by local buckling 
combined with concrete crushing or by a sudden failure without any local buckling. 
   
(a) CFHS with foamed 
concrete 
(b) CFHS with PF foamed 
concrete 
(c) CFHS with SF foamed 
concrete 
Fig. 5. Failure modes of 2 mm thickness. 
   
(a) CFHS with foamed 
concrete 
(b) CFHS with PF foamed 
concrete 
(c) CFHS with SF foamed 
concrete 
Fig. 6. Failure modes of 4 mm thickness. 
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 Conclusion 
Two types of fibres are added to foamed concrete to investigate the strength of the CFHS. The 
results and discussions indicate that foamed concrete exhibits a higher strength with steel fibre than 
with polypropylene fibre and foamed concrete. The strength index denotes that polypropylene fibre, 
steel fibre and foamed concrete are acceptable because these materials demonstrate SI values that are 
more than 1.0. Therefore, using fibre in foamed concrete is suggested to increase the strength of the 
CFHS whilst retaining the function of lightweight CFHSs. 
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